Minimal-preparation CT colon in detection of colonic cancer
Colonoscopy, barium enema, and computerised tomography colonography (CTC) are recognised forms of investigation for suspected large bowel pathology. However, all these require full bowel preparation, which can be uncomfortable and distressing, particularly in the elderly. It may also be associated with fluid and electrolyte imbalances in elderly patients and those with comorbidities. Poor mobility and incontinence make it problematic to administer the requisite medications in a domiciliary setting, and the process of bowel preparation may necessitate hospital admission [1] . Poor mobility and incontinence also hinder investigations such as barium enema and reduce its successful completion rate [2] . Even with great perseverance, nearly a third of barium enemas or colonoscopies in the elderly or mentally disabled patients result in incomplete demonstration of the large bowel [3] . In addition, colonoscopy requires sedation, which is poorly tolerated by this group of patients.
There are a number of published studies regarding the use of computed tomography (CT) of the colon without complete bowel preparation as an alternative tool for investigating elderly patients with suspected bowel cancer [4] [5] [6] [7] [8] . Minimal-preparation computed tomography (MPCT) colon was first described by Day et al. in the early 1990s as an alternative technique for imaging the large bowel in frail elderly patients with suspected colorectal pathology who are referred for barium enema [9] . The basic premise is that it is the detection of colonic cancer that is important in this elderly cohort and it is presumed that the presence of polyps is of less clinical relevance. Comparative studies of MPCT with barium enema demonstrate the former to be reasonably sensitive (75-96%) and specific (82-94%) for detecting colonic malignancy [4, 9] . Published data have shown that MPCT is well tolerated by the elderly population who are intolerant of bowel preparation [9] . The effective radiation dose to the patient is also shown to be similar for barium enema and abdomino-pelvic CT [10] .
MPCT colon in the elderly remains underutilised, which is partly because of limited documentation in the literature regarding the technique and its generality of application. All the published studies using MPCT come from a few UKbased institutions [4] [5] [6] [7] [8] [9] . All but one of these studies are small (30-118 patients), and the average duration of follow-up is short (0-18 months) [6] . The true incidence of cancer in the studied populations is difficult to assess, as most of the published studies found difficulties in correlating imaging findings with clinical data or cancer databases. The main aim of the present study is to review our experience with the MPCT technique involving a large consecutive cohort of patients who have been traced in the cancer registry for a longer period.
Methods
In this study, MPCT reports of all patients between 1 July 2000 and 30 June 2001 were reviewed retrospectively and cross-referenced with the Oxford Cancer Registry up to 1 July 2004 for an average period of 30 months (range 26-39 months). The cancer registry is a comprehensive database that contains details of all patients who have a diagnosis of colonic tumour confirmed histologically. The MPCT findings were categorised as definite colonic malignancy, possible malignancy, or no malignancy. A confirmed diagnosis of cancer was given only when patients with MPCT finding of colonic malignancy matched those in the cancer registry. For those who had a normal MPCT, the findings were deemed to be true negatives if no corresponding names were found on the cancer registry. In the event of a mismatch between the registry and MPCT findings, the patient's notes were reviewed to ascertain the final outcome.
MPCT was introduced in our institution in 1999 to investigate patients with suspected large bowel tumours. All frail elderly patients or patients who are physically or mentally incapacitated, are routinely imaged using MPCT rather than barium enema. Our protocol is a modified version of the published technique by Day et al. [9] . Patients receive six doses of 5-ml gastografin (Schering, Berlin, Germany) diluted with 300-ml water over a 48-h period (evening dose 2 days prior to the study, morning and evening doses the day before the study, morning dose the day of the study, a dose 30 min before the study, and the last dose just before the study). No additional bowel preparation is given. Axial 7.5/22.5-mm high-speed helical consecutive CT images of the abdomen and pelvis are obtained. This differs from the technique of Day et al. in that we administer no laxative for the preparation.
Results
There were 391 MPCT examinations performed during the period of the study (209 males, median age 82, age range 56-91 years) (Figure 1 ). MPCT reports were categorised as definite colonic malignancy ( Figure 2 ) in 39 cases, possible malignancy in 38 cases, and normal in the remaining 314 cases. Thirty-four patients in the studied group appeared on the Cancer Registry. An additional three patients with abnormal MPCT and evidence of large bowel obstruction died within eight days of disseminated malignancy consistent with colorectal origin without histological confirmation and were not found in the cancer registry. This leaves a total of 37 patients with colorectal cancer in this study, resulting in a tumour prevalence of 9.5%. Thirty-two of the 34 registryconfirmed cancer cases were identified using the MPCT, giving a sensitivity of 0.94 (95% CI = 0.86-1.0) ( Table 1) . Inclusion of the three additional cases that did not appear on the cancer registry, but died of disseminated malignancy, increases the sensitivity to 0.95.
Two cases of colonic malignancy were not detected by MPCT. One of these occurred at the anorectal junction. Even in retrospect, this was not visible radiologically. The tumour, however, should have been palpable on digital rectal examination. In the second case, the presence of neoplasm was difficult to assess because of coexisting extensive diverticular disease, and further evaluation of this region by endoscopic examination was recommended in the report. Of the 39 definite cancers on MPCT, there were 32 histologically confirmed cancers. Three cases were the histologically unconfirmed but clinically consistent cases as described above. This results in a positive predictive value of 0.90. There were another four patients with definite cancer on MPCT, whose names were not found on the cancer registry, resulting in a specificity of 0.99 (95% CI 0.98-1.0). The four patients with false positive diagnoses subsequently underwent direct visualisation of the large bowel endoscopically. Findings were normal in one case, showed Crohn's disease in one case, and diverticular changes in the remaining two cases.
None of the 38 cases that were reported as 'possible malignancy' was found in the cancer registry. Twenty of these 38 cases subsequently underwent colonoscopy, which was normal in 11 cases, showed diverticular disease in five cases, and tubulovillous adenomas in four patients. The remaining 18 patients either refused further investigation or were not clinically fit for the same. When the 38 cases in which MPCT was reported as 'possible malignancy' are considered as false positives, specificity for this technique is reduced to 0.88 (95% CI 0.85-0.92).
Extracolonic findings suggestive of spread of the primary colorectal tumour were identified in six cases. In addition, MPCT identified 14 cases of extracolonic malignancies, with a tumour prevalence of 3.6%.
Discussion
This study, from a single institution in the UK, is the largest series to date analysing the MPCT technique in patients in whom standard modalities of colonic investigation are likely to have a poor outcome. We acknowledge the potential limitations of utilising a cancer registry for corroboration, but migration in this elderly population should be low [11] . The disease prevalence for our population was similar to those in other studies in the literature [4] [5] [6] [7] [8] . We report a high sensitivity (0.95) and specificity (0.88-0.99) in diagnosing colonic malignancy using MPCT in elderly or incapacitated patients with suspected colonic pathology. Accepting that the 'gold standard' of appearance on the colorectal cancer registry has limitations, our study does suggest that MPCT performs favourably in comparison with barium enema or colonoscopy in the elderly. Furthermore, none of the consecutive examinations in the 391 cases was technically inadequate. This is in comparison with an expected failure rate of 33% in the elderly cohort with barium enema and colonoscopy examinations [3] . MPCT colon is not sensitive enough to detect small colonic lesions or polyps less than 1-2 cm in size [12] . Such findings are frequently benign and though polyps may have malignant potential and may warrant identification and removal in a younger patient cohort, they are not of the same clinical significance in the elderly [9] . Studies of the adenoma-carcinoma sequence suggest that progression of an adenoma to an invasive carcinoma is estimated to take 5-8 years [13] . MPCT, therefore, may be considered an acceptable alternative imaging modality for investigating elderly patients with suspected bowel cancer. Furthermore, in this series, no cases of the 'possible colonic abnormalities' were confirmed to be malignant in nature. Therefore, this study confirms that subtle abnormal colonic findings are unlikely to represent malignancy and can safely be ignored unless clinical suspicion is high [5] [6] [7] .
MPCT also competes well with other major forms of colorectal examination in terms of cost, level of complications, and radiation safety. The cost of an MPCT in our centre is £ 123, compared with £ 109 for barium enema and £ 425 for colonoscopy. The radiation dose in this elderly population is of less significance than in a young cohort, but the dose from MPCT is of a similar order to that of barium enema (5 mSv vs 3.8 mSv). Major complications of MPCT are negligible, compared with a 0.3% complication rate for colonoscopy and 0.01% for barium enema [14, 15] . Anecdotally, only a few patients complained of diarrhoea induced by the three days of oral contrast, but this does not render the examination a failure.
A further benefit of MPCT is its ability to identify additional extracolonic pathology that may contribute to the patient's symptoms. Abdominal malignancies in the elderly tend to have protean manifestations and may be more difficult to diagnose. In our study, 14 (3.6%) previously unknown extracolonic tumours were identified from 391 examinations. This prevalence is comparable to other published data: Ng and colleagues identified such tumours in 2% of their cases [16] . Our patient cohort has a higher incidence of other cancers than has been reported from other series of patients undergoing MPCT, and this probably reflects our elderly population. The use of MPCT as a firstline investigation is also useful in the staging of any colonic tumours identified and provides additional information in a third of such patients [5] . This information has the potential to alter patient management and to avoid unnecessary interventions in the setting of disseminated cancer.
Conclusion
MPCT is a non-invasive technique that is well tolerated by patients. It avoids the need for bowel cleansing agents and is more likely to be tolerated in a domiciliary environment. The present study confirms that MPCT can be recommended for investigating the elderly with suspected colorectal pathology and is both sensitive and specific for diagnosing colorectal cancer in this population.
Key points
• Minimal-preparation CT colon is a minimally invasive, well tolerated, and economical investigation for colorectal cancer in the frail, elderly population.
• It is very sensitive in the detection of colorectal malignancy.
• If MPCT colon findings are equivocal, then the likelihood of colorectal cancer is very low.
